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SLOWMON BEAMS

Eug*ne P. Colton
ks tiaaoo ?letional Laboratory, Los A14mos, RN 87545*

ABSTRACT

A short de~cription 18 sivon of connideration~ for the doaign
of 1~entum bon baam lines. Relwant data for the performance
of seven ●xiating and deco=iasloned ●IW bon Iwmc ●rt pras~ntcd.
?or singlo-stage ●eparatod beams the obo~med ratioe ●n/K- is
greater then 50 for mmanta less then 500 WV/c. We roc~end ●

two-stage ●aparatsd h- vith perheps ●n upstream “cleaGup” section
for ●-xIw1 purity.

INTRODUCTION

K-ma@on factories ●hould delivek- inttnc~ puro beamt of charged
kaons to ●xperiments. In this talk, I discuss roquirementc of
lo~omentum beumt (p c 500 MV/c). The ●nrichment system should
purify the be-s co the ratio of ●n/K < 2.0. TIIis roquiramant
necessi:ztts caraful source definition, judiciouu colliwtion and
preferably two indcpendant eeparacion stagas. The keen yiwld ohould
be largt; tlis i- cffectad by choosing ●n appropriate product~on
tarsct, meximizins the solid-angle of ●cceptanc~, ●nd ●inimizi~ the
h~m Ian th. fie momentum resolution should bg mlectable with 0.22
< lAP/P f < 2.5X. Below w discuss (i) thtse subjacts, (ii) old
facilit~~-, (iii) the impurity problam, ●nd (iv) poasiblo naw
f9cilttieY.

~ONSIDERATIONS

fie ideal target is a sho:t cylindar of dense mattrial ouch ●s
tungaton, platinmo or itidiu. lhia choice ●inimi~ea depth of
field problams. The central prodl~ction angla can be in the range of
scro to tan dogr~es.

B. Plommt- Rcaolution

~antum s~lcction 10 nomally parfomod ● t ●n intemodiato,
dia~rood horizontal focu.. U~@ctlving powr I- proportional to tha
ratio af first-order momantm dicpartion to image aixc ●nd can be
Increaoed by grmtar Mnds and/or by reduci~ tha product of ~ourca
width ●nd hori~ontal signification.

●
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c. Yield

The yield of hens ●t the final focun ig 8iven by

(1)

where d2N/d$ldp/p is the number of keens produced ● t the target into
the deaircd solid angle per incident proton, N it the number of
protons ●triking the target, and the exponential r~preaents the beam
frUtiOIt remaining after ● le~th ~eam. l%e integraqd in the yield
equation ie approximately constant over the ●cceptance regton - the
product dfldplp la the oolid-angle momentumacceptance of the beam
1 ine.

D. Purity

The electrostatic separator imparts ●ngular deflections to

charged particlea. Theeo raault in vertical cpetial separation ●t
the mass slit. The difference in angular deflection between K and w
meeono, for example, ia given byl

(2)

where L is the separator length, V/g is the eleccrlc field, p in the
momentum, and B is the particle velocity normallced to the velocity
of li8ht. A cros~ed magnetic field weeps the image. ‘~ertisally
●croma the mess slit. For ● given beam ●nergy tho pxoduct length

t Imeo field should be maximized for best separation, preferably by
the us, of high fields becauoe ● ●hort separator raducra beam 100S
due to kaon dway. A useful parameter is the oeparutor rejection
factor (SW). This is the factor bv which the ratio ●n/K is
reduced when the separator io ●nergized.

FACILITIES

Three major kaon facilities ●re in operation: K3 ●t KEK2, LESB
I ●t BNL3 and LESB II ●t BNL.k~S Tabla I hots som relevant
characteristic. Tha fluxes ran8e from - 25000-75000 K-/](J~~
proton. incident. Theme fluxee would ba ouite adequate for a kaon



factory. ?or 10 UA of protons theoe fluxeo scale up to 1.6 x 106 -
4.7 x 106 K-/pulse. Contaminations would be excessive, however, ●t
this current.

A larse number of lacilitle~ were operated in the past. Of
note ●re beams 3 ●nd 42 built ●t the ZCS,1P6 and the LBL 347 ●nd
CEM K26° beams. l%eae wre operatod ●t momenta below 500 HeV/c.
Table 11 liots some data far thaae beamm. ome note- the impurity la
quite oevere for ●omenta rear 450 WV/c.

Mvatron ●nd ZGS produced beams of high nurity. In fact the K-
●nd jJ boama to the bubble chambers were typically 90% pure (or
better). Thim purity was ●ccomplished uol~ t- atage~ of
reparation. The details ●re presented in Ref. 9. The ●uthors quote
● SRF of 105 for momenta ●bove 1.17 CaV/c. A eimilar SRF would be
needed for a low-momentum bon beam (450 WV/c) of 15-M length,, In
Beam 42 ●t the ZGS the ratio ●n/K- wee tieaeured ac 105 with the
●eparator off.6

Tables I ●nd II show that the impurity ratioe ●re ~ignificant
(>50) for single-stage eeparated beams at low momenta. Figure I
chows ● typical separator sweep for 2GS Beam 42. At the K_ peak the
SW values ●re 310 for e- and 70 for W-,U-; the difference can be
qualitatively understood because (i) ●- ●re produced only in the
target (ii) r- ●re produced in the target and tiurrounding rwgion
from ●tranae particle decaye; ●nd (iii) u- cana from w- decayb in
the eyetem. The CUN?S are approximately asymptotic (in Fig. 1) at
the K- peak. The rejection ia presumably limited by ●cantering of
particlee from vacuum chambers, windows, collimators, ●tc. Higher
separator voltages will do little to ●lleviate the ●ituation.

NEWFACILITIES

Figure 1 demonstrate that a single stage of electrostatic
separation with one intermediate focue i~ inadequat~ for producing
pure beams of kaons. Lobb10 ●nd Birien8 have proposed sin81e-stm8e
beams with ●n upstream “cleanup section” to define the phase-apace
input to the separator ●ection. I recommend use of ● proven system,
namely ● ?Ko-stage oeparated beam. In thio case the bulk of the
contaminants ●ra ramoved far upstream from the experiment.
furthermore, particlea nurviving the first stage bacauee of ●lit
scattering will moat certainly be removed in the snc~nd stage of
separation.

Figure 2 ohowe the diagrams for a ohort two-stage beam LBL 34,
●a obtained frm Ref. 7. Perhapa ● similar system could be coupled
to ● “claanup ●action” ●a proposed ●bove for maximal purity. Ttm
total length could be laeo than 16 m, ●nd w would ba ●nsured of
meetir~ the desired value of ●n/K-c 2. Kwn flux ●t 450 HeV/c
would typically be 106 per puloe.
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K3 LESB I

Quantity @!Q m
lta~th (m) 14,s 15.0

PrcMuction ●nsle (deg) 0.0 10.5

Tar8at lo~th (a) 6.0 7.5

All (mr)

Ap/p (%1

Separator

K3 ●t 600

LESB I ●t

7.3 2.6

13.0 92.5

m~th (m) 2.0 2.1

*amura9ents for 10i2 ~rotonc incident—— . .

700 xev/c 2.7 x Id K- W-/K- _

LESB II at 700 HaV/c 7.5 x 10h K- w-/~- -

LBSB 11

JA!!’w
15.0

5.0

7.5

11.0

*2.5

2.1

(2 Units)

2.6

10.0

20.0

TABLE II. Lhta for Ihcommlmioned Kaon Baamo

Facility

34 3 42 K26

Quantity LBL ZGS ~ cERtJ

Lan~th (m) 10.0 10.0 15.75 11.5

Production ●n@o (deg) 0.0 0.0 000 0.0

Tar8et lt~th (cm) 7.5 5.0 7.5 3.0

Target mat~rial Cu Pt Cu Ir

Ml (mar) 20.0 10.0 4.0 6.0

ap/p (z) 12.0 *2.5 ~~oo i2.o

Saparator lc~th (m) 200 4.0 4.0 2.0

(2 units]

?kaauramanta for 1012 &rotona incident.—
LBL 34 ●t 450 MV/c 2COO0 K+ ~+/R+ - la

Zcs 3 ●t 430 rev/c 5500 K- ●n/K- = 160

ZCS 42 ●t 430 F!aV/c 430 K- all/K- =-566

CERNK26 ●.t 400 ?faV/c 1500 K- all/X- - 30
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?i$. 2. Plan ●nd alovation viawo of LBL Baam 34; the ●lomento ●nd
●nvelop8a ●ra indicated. Copyright 01973 by The IEEE,
Ine.


